The scientific study of dreams has had a long but tortured history. While the discovery of REM sleep in 1953 [1] and its strong correlation with dreaming [2] led to a renewed hope that the study of dreaming could be moved to a solidly scientific and physiological base, such studies have provided only mixed success. In 1977, Hobson and McCarley [3] proposed the activation-synthesis model for dream construction based on the physiological features of REM sleep, but since then the field has shown surprisingly little progress.
Part of the reason for this slow progress has been the absence of a powerful experimental paradigm for studying dream content; there has been no way to reproducibly elicit a specific dream or dream feature with a specific experimental manipulation. Or at least not until now. In a recent paper in the journal Science, Stickgold and his colleagues [4] used daytime playing of the computer game Tetris to induce sleep onset dreams containing images from the game. Seventy-five percent of novices and fifty percent of experienced players reported such hypnagogic dreams during forced awakenings performed over two or three nights following days on which the subjects played Tetris. Most striking, however, was the finding that densely amnesiac patients with bilateral damage to medial temporal lobe structures including the hippocampus, while unable to recall playing Tetris from one session to the next (or to remember the experimenter or why the computers were in their bedrooms), still produced hypnagogic dreams of Tetris. Indeed, the content of these dreams was identical to that of the normals as were both the prevalence (60% of patients, 62% of normals) and frequency (7.4% of all reports from patients; 7.2% from normals) of these reports. These findings suggest that the hippocampal, episodic memory system does not normally contribute to the construction of hypnagogic dreams.
The study of hypnagogic dreams has fallen on hard times since the pioneering work of Foulkes and Vogel in 1965 [5] , although a recent paper by Rowley and his colleagues [6] indicated a renewed interest in the field. Now, by showing that experimental interventions can reliably shape the content of hypnagogic dreams, we might see a shift of some of the attention normally focused on REM sleep dreaming to this intriguing early night sleep phase. The fact that hippocampal involvement appears to be minimal or even completely absent in the construction of these dreams may be relevant to REM sleep dreaming as well, since studies in animals have suggested that the flow of information from the hippocampus to the neocortex is shut off during REM sleep [7] . This similarity raises the possibility that studies of hypnagogic dreaming may be a valuable source of information about REM sleep dreaming as well.
Several specific findings in the Science article provide food for thought. First, the actual images reported were very consistent across subjects and across groups. All subjects reported seeing Tetris pieces floating down in front of their eyes, sometime being rotated and occasionally fitting in with other pieces. (Amnesiacs referred to those shapes, or little squares coming on a screen or images turned on their sideslike blocks.) But no one reported seeing the background picture or scoreboard from the computer screen, or the computer or keyboard, or the desk or room in which they played. Thus, the images were not episodic memories, but extracted and abstracted elements from the memories. Second, 90% of the hypnagogic images of Tetris reported by novices occurred on the second night of recording, with only 10% on the first night. This suggests that the brain is using a complex algorithm in identifying waking images to be replayed at sleep onset. Third, two of the five experienced players who reported Tetris images reported that they
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Harvard Medical School, 74 Fenwood Rd., Boston MA 02115 were not from the version of Tetris used in the current study, but from the version they had played in their youth. Thus, the images were not simply recent perceptual traces, but included associated memories, in one case from at least five years earlier. Finally, and most tantalizing, in each of the three groups, the subjects who performed most poorly during the initial 2-hr training and practice session were most likely to report Tetris images. While the significance of these correlations is uncertain, they add to a growing literature suggesting a role for sleep in memory consolidation and integration [8] [9] [10] [11] .
The major implications of this study are twofold. First, by demonstrating that normal hypnagogic dreams are produced in the presence of massive medial temporal lobe damage, Stickgold and colleagues have demonstrated that hippocampal processes are not normally involved in the construction of these dreams. Since images from years earlier can be evoked, it appears that the construction of these dreams is a nearly pure neocortical process. Second, and perhaps of larger general significance, the ability to reliably produce very similar dreams across subjects through experimental manipulation for the first time permits a scientific investigation of the factors controlling the incorporation of memories into dream material.
